The 21-cm electromagnetic wavelength from the hyperfine interaction in hydrogen has an important role in cosmology unique method for probing of the universe prior to the star formation era. The QCD axion with mass m a ≃ 5.7µeV (with a Compton wavelength close to 21 cm) can serve as Bose-condensate dark matter. We propose that the resonant emission of axions induced by the Bose-condensate axion dark matter in hydrogen atoms causes a lowering of their spin temperature and can explain the stronger than expected absorption of 21-cm light reported by the EDGES collaboration.
The first detection of the 21-cm signal from the era of first star formation called Cosmic Dawn (15 < z < 35) was recently reported by the EDGES experiment [1] . Photons emitted by the spin flip from ortho (J=1) to para (J=0) hydrogen has energy E 21 = 5.9µeV corresponding to the frequency 1420 MHz from hyperfine interaction . When the CMB passes through a HI cloud at redshift z there will be a dip observed in the CMB spectrum at frequency 1420/(z + 1) MHz due to J = 0 → 1 transitions. The EDGES experiment observed a dip in the CMB frequency range 50-100 MHz centered at 78 MHz (corresponding to the redshift z=17.3) and the brightness temperature T 21 = −500 +200 −500 mK wheres the lower limit from standard cosmology is -209 mK (at z ∼ 17). The explanation for this anomalous dip which has been offered is that the gas cools by interaction with dark matter which in turn lowers the spin temperature (which is defined by the ratio of the para and ortho hydrogen states) [2, 5] . The velocity of the gas is lowest in the cosmic dawn era and a dark matterbaryon cross section σ(v) = σ 1 (v/1kms −1 ) −4 with σ 1 = 8 × 10 −20 cm 2 and dark matter mass of 0.3 GeV gives the best fit to the EDGES observation [2] . The v −4 velocity dependence can come from the exchange of massless mediators. There are strong constraints from fifth force searches on light particle mediators and the simplest possibility is baryon interaction with a milli-charged dark matter by photon exchange [3] . However, if constraints from CMB distortion by dark matter annihilation [4, 6, 7] are taken into account the parameter space of milli-charged dark matter is m χ = 10 − 80 MeV, electric charge ǫ = 10 −6 − 10 −4 and a relic abundance which is a small fraction (0.3-2)% of the dark matter [6] . Other explanations for explaining the excess dip in the 21-cm absorption is conversion of 21-cm photons to dark photons [8] . The possibility that the anomalous dip is due to an excess of background CMB photons in the E 21 wavelengths arising from the decay of photo-philic light dark matter has been studied [9] .
In this paper we propose an explanation of the lower spin temperature of HI from axionic dark matter interaction. The QCD axion [10] [11] [12] [13] [14] [15] has a mass of m a = 5.7µeV (10 12 GeV /f a ) [16] which can serve as Bose-Einstein Condensate dark matter [17] . There can be a small fraction of axions in the BEC which have non-zero momenta due to self interactions or interactions with the gas and the large occupation number of this squeezed coherent state enhances the probability of emission of axions. The neutral hydrogen makes J = 1 → 0 transitions due to axion emission which lowers the spin temperature at equilibrium with gas and photons. We introduce the rate C a of axion induced conversion of J = 1 ↔ 0 in the detailed balance equation between the number densities of triplet and singlet HI,
There is no axion induced transition J = 0 → 1 as the effective temperature of the BEC axions is much lower than the spin temperature T s , which is defined by the ratio
where T * = E 21 /k B = 0.068K. The rates of collision and spontaneous emissions are related as
where T K is the gas kinetic temperature. The Lyman UV photons induced transitions via the Wouthuysen-Field effect [20, 21] are determined by the color temperature T c defined by
and T c ≃ T K . The Einstein spontaneous emission rates A 10 and A 01 are related by detailed balance as
The gas temperature T K and the photon temperature T γ are both much larger than T * . The photon occupation number at 21-cm wavelength is N γ = (e T * /Tγ − 1)
Putting these in equation (1) we can solve for the spin temperature as a result of collisions with H and CMB photons and with a down conversion by axions with the rate C a ,
where
The axionic coupling lowers the spin temperature and is effective if C a is comparable in magnitude to A 10 . The spontaneous emission rate is 
such that the induced transition rate by CMB interaction is
The brightness contrast between the CMB and the 21-cm absorbing regions at any redshift z is
where the optical depth
which depends on the density of HI, the Hubble expansion rate and the velocity gradient of the HI cloud. The brightness contrast temperature is therefore [23] ,
where x HI is the neutral hydrogen fraction. In the standard cosmological models mK . In this paper we explain this discrepancy as due to the lowering of the spin temperature by the induced emission of axion of mass ∼ 5.7µeV .
The coupling of axions to fermions at non-relativistic energies is given by [18] 
The first term can cause ∆L = 0 , ∆J = 1 spin-flip transitions and the second term can
give rise to ∆L = 1 parity changing transitions. The spin flip hyperfine transitions in atoms involve energy ≃ µeV while the ∆L = 1 transitions of electron orbitals involve energy levels with eV gap and are therefore not affected by axions dark matter. We will consider the first term of (13) 
where we have taken v = (m a t) −1 [17] . The axion dark matter background can be described by a squeezed coherent state |N k with the property
the squeezing parameter sinh θ k represents the fraction of the particles with momentum k due to interactions or thermalization of the BEC . The transition rate for the J = 1 → 0 hydrogen spin flip transition by axion emission into the BEC is
where the spin-flip energy of hydrogen is E 21 = 5.7 µeV , E a is the energy of the emitted axion is and γ is the line width due to induced emission by the photon given in (9). The transition matrix element for the induced emission of an axion by the background axions accompanied by a the spin flip electron is estimated as
where the factor of √ 2 is the Clebsch-Gordon factor [19] . The density of states is
The rate for axion induced transition (15) at resonance when (
where we have taken g e = 1 (consistent with the DFSZ model [14, 15] ), f a = 10 12 GeV, The squeezing can be due to self interactions of axions with or thermalisation of BEC by the gas and radiation. These large momentum fraction of the axion dark matter can cause transitions in atoms [18, 19, 24] , molecules [26] , microwave cavities [25] and in condensed matter systems [28] in the laboratory , therefore this model for explaining the discrepancy in the cosmological observations can be tested in laboratory experiments.
